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NACA ATRCRAFT ENGINE RESEARCH LABORATORY

for the
Bureau of Aeronautics, Navy Department-
EFFICIENCY OF A RADIAL-FLOW EXHAUST-GAS TURBOSUPERCHARGER
TURBINE WITH A 12.75-INCH TIP DIAMETER

By Earl E. Coulter, Robert G. ILarkin .
and David S. Gabriel

SUMMARY -

An Investigation has heen made of the effect on the performance
of a radlal-flow exhaust-gas turbosupercharger turbine with a
12,75-1nch tip dlameter of various inlet pressures, inlet temperatures
vheel speeds, pressure ratios, and cooling-air flows. For a given
blade-to-Jjet speed ratio, variation in pressure ratio from 1.5 to 4.0
and inlet temperature from 800° to 1200° R had only a small effect on
turblne efflciency. For blade-to-Jet speed ratios of 0.5 and 0.6, the
efficlency increased 4.5 polnts as inlet pressure increased from
20 to 50 inches of mercury absolute. Cooling-air flow had no
measurable effect on turbine efflciency within the accuracy of the
tests 1n the test range: namely, ratlos of cooling-air flow to
turbine gas flow from O to 14 percent, turbine pressure ratlo of 2.0,
turbine lnlet total pressures from 15 to 40 inches of mercury
absolute, and inlet temperatures from 800° to 2000° R.

INTRODUCTION

The radial-flow exhaust-gas turbine investigated has meny
features that are radically different from those of the conven-
tional axial-flow turbine. The radial-flow turbine wheel rums
with considerable reaction and incorporates drilled cooling-alr
passages through the disk. Performance tests of the conventional
axial-flow turbine have been reported in references 1 and 2, but
very llttle data have been publighed on the radlal-flow-type )
turbine (reference 3) and no data are available that show the
offect of coolling-air flow on turbine efflclency.
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An Investigatlion was therefore made at the NACA Cleveland
laboratory during July and August 1945 at the request of the
Bureau of Aeronautics, Navy Department, to determine the basic
efficlency and also to Investigate the effect of cooling-air flow
on twrbine performance. Curves of efficlency and air flow are
presented that cover a range of turblne speeds from 3000 to
17,000 rpm, inlet pressures from 15 to 50 inches of mercury absolute,
inlet temperatures from 800° to 20000 R, pressure ratios from 1.5 to
4.0, and cooling-~air flows from O to 10 percent of the turbine gas
flow.

TURBINE ASSEMBLY

A photograph of the setup for the investlgation of the radiel-
flow exhaust-gas turbine is shown in figure 1. The nozzle box, the
turbine wheel with cooling-alr passages and shaft, the wheel-case
center cover, and the rear-bearing support (turbine end of shaft)
are shown In figure 2. The nozzle box 1s a double tangential-inlet
radlal-flow type. The turbine wheel has a comparatively small number
of blades (17) and runs with considerable reaction; the driving fluid
enters the turblne wheel radlally and 1s discharged axlally.

The compressor impellers and diffusors and the oll pump were
removed, The waste gate was replaced by a stalnless-steel seal to
eliminate leakage. The o1l passages in the front-besaring housings
(compressor end of shaft) were reworked to permit lubrication of
the bearings from extermal oll pumps. An extension shaft was
inserted 1nto and fastened to the compressor end of the hollow
turbine ehaft with dowel pins. The power was transmitted through
a flexible coupling to a high-speed eddy-current dynamometer.
Distortion of the wheel-case center cover and consequent rubbing
6n the turbine wheel at simulated altitude conditlions were prevented
by installing a chamber hetween the nozzle box and rear-bearing
support and venting it to the turbine discharge duct. Figure 3
shows these modifications.

The clearance between the alr seal (fig. 3) and the back of
the turbine wheel was set at 0.005 lnch cold and the clearance
between the trailing edge of the turbine-blade tips and the turbine
casing was 0.044 to 0.051 inch cold. The dlstance from the upstream
end of the inner cylinder of the amnular exhaust chamber to the
turbine wheel was seven-eighths ingh.

The wheel was designed to be cooled by alr bled from the
first-stage compreossor to increase the life of the turbine wheel at
olevated temperatures and to permit safe operation at inlet-gas
temperatures up to 1700° R. Because the compressors were removed,
cooling alr had to be provided from an extermal source. The
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compreasor inlet anfi one outlet wore blanked off and cooling air
from the laboratory air supply wos introduced through tho other
. compressor. outlet. .Coolling-alr flow was mecsured by e thin-plate
orifice. Fifty-one cooling-olr passages aro located in the turbine
. wheel in planes slightly less than 90° from the turbine axis. (See
detail A of fig. 3.) These passages terminate in groups of three
into 17 other drilled passages, each one under the root of a blade
and roughly paraliel to the root. The coolling alr enters the wheel
near the shaf't and dischargos on the downstream side of the turbine
wheel near the axlis. The air-flow path 1s indicated by arrows in
figure 3. The cooling-alr passage outlots are shown in figure 2(Db).
The turblne was driven by hot gas at various temperatures and
pressures from a hot-gas producer asimilar to the ono described in
refercnce 1.

A plenmum chember in the form of an inverted U constructed from
18~inch-dlameter ducts and covered with 3 inches of insulation was
attached to the nozzle box to insure an equal gas flow through both
nozzle-box Inlets., Thls arrangemont 1s shown in figure 1. Tho hot
gan entered at tho centor ol the top of the cihomber and flowed down
both legs. The nozzle-box inlet ducts extended into the legs of
tiio plenum chember and the upstreesm ends were bellmouthed to induce
a smooth zas flow,

INSTRUMENTATION

A thin-plate orifice was rsed to moasure air flow tc the gas
producer. Fuel flow vas measwred with u calibrated rotameter.

) Inlet-gas temperature was measured by four gquadruple-shiolded
chromcl-alumel thermocouples, two placed in each inlot to the
nozzlo box. The average of theso four thormocouple roadings was
asgumod to be the totel temporature at the nozzle-box inlets. The
maximum difforenco in thormocouplo roedings was +5° F. Inlot static
prossure wes token as the average of tho reandings of eight pressure
taps, four locotod in tho same cross section in each of the two
nozzle~box inlot ducts as indicated in figure 3. Thcse pressure
readings had a maximum variation of #0.1 inch of mercury. The total
inlot pressure wvas carputed from the moasured static prossure and
tho total temperature by use of the continulty oquation.

An annular chamber having the samo cross-soctional area as
the annular aroa swept by tho discharge edgos of tho turbine blades
plus the annular aroa that correspondsto the clearanco betwoen tho
trailing cdge of tho blade tips and tho turbine casing was provided
at tho turbine dischargo. Throo banks of static pressure taps,

16 taps in each bank, were installed 120° apart in the annular
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chamber, Six taps of each bank were installed in the outer cylinder
of the annular chamber and 10 taps In.the immer cylinder, These

taps were spaced 0.75 inch .and the six taps on the downstreem end

of the inner cylinder of the chamber were dlrectly opposite the six
taps in the outer cylinder of the annular chamber. The annular
chamber and one bank of pressure tape are shown In figure 3, The
turbine static discharge pressure was taker as the average of the
reoadings of the six pressure taps lying in the plane passing through
taps 1 and 11 (figure 3) and perperdicular to the axis of the turbine,

Dynamometer tcorque measurements wore made with an NACA balanced-
dlaphragm torque indicator to the nearest 0.204 foot-pound. Turbilne
speed was measured to the nearest 10 rpm by two chronometric tachometers,
each driven by 1ts own tachameter generator turning at one-tenth
turbine speed. The method recammended by the A.S.M.E. of estimating
the accuracy of measurement of alr flow glves a probable error
of +£1.2 percent.

SYMBOLS

The following symbols are used in the report:

A actual turbine nozzle outlet area (sq ft)

g acceleration due to gravity, 32,2 (ft)/(sec)z, or dimensional
constant, 32.2 (lb)/(slugs

Mm theoreticel maximum mass flow of gas that can he passed through
convergent nozzle of 21,5-square-inch throat area,

(alugs)/(sec)
M, masse flow of air plus fuel, (slugs)/(sec)
N turbine speed, (rpm)
py static pressure of turbine discharge, (in. Eg absolute)
p, total pressure at nozzle-box inlet, (in. Hg absolute)
R, &8 constent for combvstion products, (ft-1b)/(1b-°R)
T; total temperature at nozzle-box inlet, (°R)
u blade tip speed, (fps)

v theoretical Jjet speed, (fps)
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weight flow of cooling air, (l'b)/(sbc)
weight flow of air plus fuel, (lb)/(sec)
ra.'b:lo of specific heats

turbine efficlency defined as ratio of shaft power to theoreti-
cal power camputed from total temmerature and pressure at
turbine Inlet ard statlc pressure at turbine dlscharge

turbine efficlency defined as ratlio of sghaft power to difference
between theoretical power {as defined Jor n) and kinetic
power where klnetlc power 1s calculated from average axial
camponent of veloclty at turbine discharge

ratio of turbine inlet pressure to NACA standard sea-level
pressure, p;/29.92

ratio of turbine inlet temperature to NACA standard sea-level
temperature, T/ /519 )

TEST CONDITIONS
The fundamontal efficlency of the turbine was determined by tests

wlthout cooling alr, These tests wore limitod to an lnlebt temperature
of 1200° R. The approximate test conditions were am follovs:

Total inlet }| Total inlet )
pressure, py| temperature, Ty Preesurel ratio
(in. Hg abs.) (°R) P1/Pg
135 1200 1.5, 2.0
20 1000 1.5
30 800 1.5, 2.0, 3.0, 4.0
1000
1200
30 | 900 2.0, 4.0
1100
40 1000 1.5, 5.0, 4.0
50 1000

At each ocondition,data were taken over a range of speeds up to the
maximum obtainable, but the speed was limited to 17,000 rpm by the
manufacturer,
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The gas temperetures for these tests were relatively low end
regulted in very low fuel-alr ratios; consequently, the gas
properties differed little from those of air at these temperatures.
The turbine efficlency 1 based on the tobtal inlet pressure and
temperature and the static discharge pressure was calculated by
using a table of the thermodynamic propertles of alr from
reference 4 and the equations of reference 5. The efficlency 4'
Lased on the difference between the total available energy calcu-
lated from the statlc dilscharge pressure and total inlet temperature
and pressure and the kinetic energy of the average axlal component
of discharge velocity was calculated by the method of reference 1.
Values of Rp and 7, taken from reference &, were used to calcu-
late the average axiaa component of the dlscharge veloclty.

Additional tests were made at a constant pressure ratio of 2.0
to Investlgate the effect of coolling alr on turblne efficlency. The
followlng table shows the approximate conditlons for each test:

"Total inlet Total inlet " Cooling-alr flow
pressure, p; temperature, T1 We
(in. Hg. abs.) (°R) (1b/sec)
15 1200 0, 0.095, 0.195
30 . 800 0, 0.095, 0,196, 0.330
1200 0, 0.095, 0,196, 0.330
1600 0.195, 0.330, 0.410
2000 0.330, 0,410
— 40 1200 0.095, 0.196, 0.330  _

At each test conditlon the speed was varled up to the maximum
obtalnable but limited to 17,000 rpm. The cooling-air flows
Belected were chosen to lnsure safe operation of the turbine and
were not necessarlly the minimum flows required  for coollng.

At the conclusion of this test program, a sudden increase in
alr flow of about 2 percent was mnoted. Inspection of the ‘rozzle
box revealed several radial cracks about one-half Inch long and
one-glxteenth inch wide in the cesting that forms the waste-gate
nozzles. The stress Introduced by the waste-gate seal clamped over
the castling may possibly have been the cause of these cracks.

RESULTS

The results of the tests wlthout cooling alr are shown
in table I.
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Turbine effliciency 1 1s plotted against blade-to-Jet speed
,ratlo in figures 4 and 5. Figure 4 demonsirates the effect of
pressure ratio Tor "turee' inlet total gas- temperatures and flgure. S
shows the effect of inlet temperature and pressure on turbine
efficiency. The peak efficlency occurs at a blade-to-Jet speed
ratio of about C.66.

Figure 6(a) shows that for biasde-to-Jet speed ratios lower
than 0.6 the turbine efflciency increeses wlth Iinocrease 1n pressure
ratio up to 3,0 and’ then decreases. For a blace-to-jet speed ratilo
of 0.4 the Increase 1s about 2 poluts for an increase in pressure
ratio from 1.5 to 3.0. Ior a blade-to-Jet speed ratio of 0.6, however,
the efflciency decreases about 2 polnts when the pressure ratio
Increases from 1.5 to 3.0. Figrre 6(b) shovs the effect of variation
in Inlet texperature on turvine efficiency. The turbine efficiency
varies only sllightly wlth inle+ tempeza+ure. Over tue 1ange of
Inlet temperetures from 800° to 12¢0° R the maximum difference in
oefficiency was 1.5 points. The efficle.ncy increames with Inlet
pressure as shown in figure &(c). Tae greatest increase of efficiency
occurs at blade-to-Jet speed ratlos of 0.5 and 0.6 and is about
4.5 points over a range of inlet pressures from 2C to 50 inches of
mercury absolute,

In fligure 7 the turbine efflcteuncy 1s plotted azainst the
Reynolds number factor p /T 1 @erived in reference 1. The curves

are showvn for constant bledo-to~Jjet speed ratios fram 0.2 to 0.6 and
pressure ratlos from 1.5 to 4.0. Tho Inlei-pressure range shown

18 from 15 to 50 Inches of msrcury absplute and tho inlét-temperature
range 1s from 800° to 1206° R. The derivation of the Reynolds

number factor in reference 1 neglects mechanlcal losses, bearing
friction, and windage, wihich is a logical assumption when emall
turbines having antlifriction bearings are considered. Friction
losses are, however, considerably higher for Journal-type bearings
and would have proportionally greater imfluence on the results, No
correction has been made in the data reported here for bvearing
friction. Although figure 7 shows a good correlation of the data,

it cannot be offered as evidence of the effect of Reynolds number

on turblno efficlency because of the emall varlation of the efflcloency
with the Reynolds nmimber factor and the unknown effect of bearing
friction. .

The turbine mass flow may be correlated by plotting the gas-
flow factor EE-VEE;T (roference 1) against the speed factor N//@
Py 1
for any preesure ratlo. For convenlence of calculation, the ges-flow
factor 1s reduced to the form (MﬁVG)/S and plotted against the
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speed factor for various pressure ratios -in figure 8., All the data
over the range of inlet pressures and tempeiatures 1s correlated on

this plot within an accuracy of 1% percent, The variation of the

gea-flow factor (Mt »fe)/a wilth pressure ratio 1s shown on cross
plot figure 9. The occurrence of reactlon i1s indicated by the fact
that the gas-flow factor continues to Increase as the pressure ratio
increases above 1.83,

The ratio of the turblne mass flow Mt to the critlcal mass

flow I'&n at any given lnlet pressure and temperature is plotted
againat the speed factor N/ A& in figure 10, The critical mass
flow 1s defined es the theoretical maximm flow that could be

passed through & convergent nozzle having a discharge area equlivalent
to the turbine nozzle discharge area (21.5 sq in.) and is calculated
fram the followlng equation:

1

70.75 DA (25’1 2y
(M () W5
R

Although y and R vary with inlet temperature, their .
variation with temperature over a range from 800° to 1200° R
resulted in a difference 1n Mm of less than one-half percent.

Consequently, for all practical purposes equation (1) reduces to
(Mm A8)/8 = 0.228 (slug)/(sec)
where

y = 1.380
R, = 53.25 (£6-1b)/(1b)(°R)

The plot of figure 10 correlates all the data -ver the entlre range
of test conditions. Figure 11 1a a cross plot of filgure 10 and

showa that the ratlo Mt/bgn approaches a value of 0,875 at a pressure
ratio of about 4.0.

Turbine efficlency n' 1s plotted agalnst blade-to-Jet speed
ratio for varlous inlet temperatures and pressure ratios In
figure 12 and data are shown for the sams conditions as those of
figure 4. In this case the effilclency 7' increases with preassure
ratlo for each inlet temperature.
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A plot of the efficlency ratio n'/n against the blade-to-Jet
speed .ratio for various presswre ratlos is. shown 1ln flgure 13, whidh
correlates all the data wlthin an accuracy of ‘1 perdent, Tha )
efficiency 7' varies from 1.04 to 1.16 times the corresponding
values of 7. The greatest increare occuir's at the combination of
low blede-to-Jjot speed ratlios and high pressure ratios.

The results of the tests using turbine-wheel cooling alr are
shown in figure 14, a typlcal curve of turbine effilclency plotted
againsgt blada—to-det speed retio for varlous cooling-air flows
from 0 to approximately 0.33 pounil psr second. These data were
taken with an inlet presaure of approximately 30 inchesa of mercury
absolute and an iniet temperature of 8007 R, It is evident from
this vlot thabt for the rangs Investigeted coollng--air flow has no
measurable effect on turbine efficlency wilthin the accuracy of the
data,

The effect of cooling alr on the turbine efficiency is shown
in the following summary table:

Cooling-alr
Inlet total Inlet total [Blade-to-Jet|filow (percent|Turbine
temperature, Ti prepsure, p, |speed ratio lturbine gas |efficlency
(°R) (in. Hg abs.) u/v flow) n
800 29.8 0.6 0 -7 0.675
1200 29.8 .6 0 - a% .67
1600 29.8 .5 55 - 12% .61
3
2000 29.8 .45 10% 138 .58
1200 39,9 .55 0 - a% .65
1200 29.8 .55 0 - ei .65
1200 14.8 ' .55 " 0 - 10 .61

No varlatien in efficlency with cooling-alr flow is noted in this
table. Figure 14 and this table show only the effect of the cooling-
air flow on the performance of the turbine proper. A complete
evaluation of the cooling-power loss must include the pumping horse-
power required to force the cooling alr through the cooling passages.
Table IT shows a summary of the test data using cooling alr and
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includes the cooling-air flow, pressure drop from the compressor
housing to the turbine discharge pressure, and cooling-air inlet
temperature measured Just before entrance to the turbine wheel.
From these data the pumping horsepower can be computed. A correla-
tion of thils cooling deta was not attempted because the tempsrature
verlation of the cooling air as 1t passed through the cooling
passages wae unknown.

SUMMARY OF RESULTS

From efficlency tests of a radial-flow exhaust-gas turbo- .
supercharger turbine with a 12.75-inch tlp diameter over a range
of pressure ratios, lnlet temperatures, inlet pressures, and
cooling-alr flows, the following results were obtalned:

1. The varietion of effliclency wlth preasure retlio over the
range from 1.5 to 4.0 was small (2 points or less) for any given
blade-to-Jet speed ratio. .

2. The turblne efficlency varied only slightly with inlet
temperature. Over the inlet-temperature range from 800° to 1200° R,
the maximum difference 1n efficiency was 1.5 polnts.

3. The efficlency 1ncreased about 4.5 points at blade-to-jet
speed ratlos of 0.5 and 0.6 as 1nlet pressure Increased from 20 to
50 inches of mercury absolute.

4, The mass flow through the turbine increased with pressure
ratio and epproached a limiting value at a pressure ratio of
about 4.0, At a pressure ratlo of 4.0, the ratio of the turbine
maes flow to the theoretical maximum mass flow was 0.875.

5. Tests made with turbine inlet-gas pressures from
15 to 40 inches of mercury absolute, inlet-gas temperatures
from 800° to 2000° R, a presaure ratio of 2.0, and cooling-alr flows
up to 14 percent of the turbine gas flow show that cooling-air
flow had no measurable effoct on turdbine efficiency.

Alrcraft Engine Research Laboratory,
National Advisgory Commlttee for Aeronautics,
Cleveland, Ohio.
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NACA MR No. E6F03

Figure |. — Test setup of radial—flow exhaust—-gas turbosupercharger turbine.



NACA MR No. E6F03

(a) Nozzle box, turbine wheel "and shaft, wheel-case center
cover, and rear-~bearing support.

17 cob!ing~‘
2air passage
outlets ’

(b} Turbine wheel showing cooling—air passage outlets.

Figure 2. ~ Components of radial—-flow exhaust-gas turbosupercharger turbine.
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Pigure 4. - Variation of turbine efficiency with blade-to-jet speed ratio for various

inlet total temperatures and pressure ratios.

mercury absolute,

Inlet total pressure, 29.8 inches of



NACA MR No. EGFO03

NAT TONAL ADV ISORY S — e A LAARE LAk R ad Ran i Ras s nans»
COMMITTEE FOR_AERONAUT ICS 3
R 3
E . S e 3
r
< . ‘b 3
.6 : :
E Inlet total E
.S5E temperature 3
C T B
9 1 3
- (%R) 3
4L y. o) 800 3
3 )t + 1000 3
F y. X 1200 3
o3 F .
E < 3
.2 : X p
= 3 3
5 F =
o 3 R
o 3 3
:: o 3
3 E(a) Effect of inlet total temperature. Inlet total pressure, 29.8 inches 3
: 9 of mercury absolute,.
© 9 3
@ E 3
= -
3 £ 3
(2 o 3
= E
& £ 3
o7E 3
3 *Q::‘u 3
< ) o./" b
«6 E ] \ E
< /U = ]
3 Y, :
. Inlet total 3
S F pressure 3
E P 3
o 1 :
3 (in. Hg abvs.) p
- o) 20 3
3 + 30 3
- X 40 3
- ] 50 3
3E 3
E 3
0 .1 2 3 N 5 6 o7 «8 .9

Plade-to-jet speed ratio, w/v
(b) Effect of inlet total pressure, Inlet total temperature, 1000° R.

Figure 5. = Variation of turbine efficiency with blade~to-jet speed ratio for various
inlet total temperaturesand inlet total pressures. Pressure ratio, l.5.



NACA MR No. E6FQ3

AR AR R AR A RARAA RS ASARAARA RARA ]

E NAT IONAL ADVISORY
E Blade-to-fet COMMITYEE FOR AERONAUTICS °
3 speed ratio P
- u/v. 3
7 " - -3
9 o 0.6 p
s : Q- -5 — D :
.
] - E
S E ]
3 o3 3
o E
E p
ke r
Pressure ratio, pi/pd
(a) Effect of pressure ratio. Inlet total pressure, 29.7 inches of mercury
absolute; inlet total temperature, 800° R.
7 E .
-] O p :
1:_‘ :§ W e E
= *¢F E
- £ o4 3
g = ¢ |
Z o5 E s
o E ]
C o 3 3
“a c: A 4 *“‘P E
™ r 3
.:_:‘ 4 F >
E P
2 3 3
é 3 E
.3 F .
800 bt 1100 1200
Inlet total temperature, Ty, °R
(b) Rffect of inlet total temperature. 1Inlet total pressure, 29,7 inches of
mercury absolute; pressure ratio, 1l,5.
: 3
.7 1 3
E o6 - - E
E P 51 A -0 i
6 ; P 3
< od — 3
E q P [} i
05 : p
E 3 | 3
9 d O 3
.4 F 3
3 3
3 J L s T F R 1 VT TUTUN FEVEY FRYTY FYPI PRUWY FYPT FYVUY PRUTE TTUVS FEVTY FUTTE IYUTE IV U TP,
*“ 10

20

Inlet total pressure, Py9 in. Hg absolute

(c) Effect of inlet total pressure. Inlet total temperature, 1000° R;
pressure ratio, 1.5,

Figure 6, = Variation of turbine efficiency with pressure ratio, inlet total temperature,
and inlet total pressure,



Turbine efficlency, 1

NACA MR No. E6F03

Inlet total Inlet total
NAT IONAL ADVYISORY
P b COMMITTEE FOR AERONAUT ICS
(in. Hg abs.) (°r)
(o] 18 1200
+ 20 1000
X 30 1200
8 30 1100
30 1000
e 30 900 Blade~to-jet
b ig 13% speed/ratlo
u/v
" d 50 1000
) | 0.6 ]
4#"' A o5 —d
6 X
¢ )___--—-——‘
.4
% J\ﬁ v o ﬁ
o5
3
o X - 4’
D ' oa 2
I4
2
»3 r" Y - X ;; |
.2
(a) Pressure ratio, 1.5,
o7
A — Y]
+5
-6 — e~ . O 4y
_ o
,—--D— A3
.5
st~ A 4 -3
od
—4 F .2
.3
2
«006 +008 «010 <012 <014 082 024

016 +018 .gﬂ?
Reynolds mumber factor, py/Ty o1, 1n, Hg absolute/OR1eL.
(b} Pressure ratio, 2.0. .

flgure 7, = Variation of twrbine efficiency with Reynolds mumber factor.



NACA MR No. E6F03

Inlet total 1Inlet total NAT IONAL ADVISORY
pressure *enp;rature COMMITTEE FOR AERONAUT ICS
Py 1
(in. Hg abs.) - (OR)—
+ 20 1000
X 30 1200
0l 30 1100
K> 30 o000 Blade-to-jet
A 30 900 speed ratio
o7 v 30 800 u/y
Z gO 1000
1o} 1000 0.5
x + >
o6
R .4
* ' 4
o5
3
b 4
o4
.2
p A ey
3
-
»
o
=
@
o
bl (c) Pressure ratio, 3.0.
e
o
(=)
Ll
£
-1
[ 33
o7
5
g
7s < <
o6
.4
—1- \ 4 T 4
-]
.3
—o— < =
.4
.3 2 &==§£=é=

“oo8 .010 .012 .014 .016 .018 . 020 .02z 024
Reynolds number factor, py/T,1+1, in. Hg absolute/orlel,

(4) Pressure ratio, 4.0.

Pigure 7. = Concluded,



LA RAAL

ey

LA LAl

LAAAR RAAL

LR ARAAAAARAAAS RARASRALAA RALL

LARLE RRA A

LA R Al

Ty

12882 AARAR BAAAL LA AARE AL
NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

)

Inlet total

Inlet total

.2

Gas-rlow factor, Mtvs_/S » slug/sec

- pressure temperature -
‘ Py Ty 3
< (1no HG abs.) (OR) 3
: o] 15 1200 3
: + 20 1000 7]
s X 30 1200 .
< a 30 1100 3
< O 30 1000 ]
L A 30 900 p
o v 30 800 E
s > 40 1000 ]
. < 50 1000 ]
E Pressure ratio 3
E p,/P, :
- $ - . :
E . B a® iy, Alataw - m :
: 0 3
: [*J wgl\ < :
4 1.5 ]
.1 JUSNBEIUNBITNUNNETE] s n Bat o Rapan il jIEUSE NI N ENE FEEW) L1l Lot har i e Litll Litadiapa bapaddlgdss iadddlii :
2,000 4,000 6,000 8, 000 10,000 12,000

Turbine-speed factor, N/Y8, rpm

Figure 8, - Variation of gas flow with turbine-speed factor.

*ON YW VIVN

-€0493



[
-

Gas-flow factor, n, 13-/3 » Slug/sec
©

[

3
Pressure ratio, Pi/Pd
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Figure 12. = Variation of the turbine efficliency n! with blade-to-jet speed ratio for

various inlet total temperaturesand pressure ratios. Inlet total pressure, 29.8
inches of mercury absolute,
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Figure 13. = Variation of turbine-efficiency ratio 7'/n with blade-
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Figure 14, = Variation of turbine efficiency with blade~to~jet speed ratio for various cooling-
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